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ABSTRACT
The larvae of Arzama densa Walker (Lepidoptera-. 
Noctuidae) feed extensively on the crown and tore into 
the primary root of water hyacinth Bichornia crassipes 
(Mart.) Solrns. Their feeding results in the destruction 
of the seed stalks and apical bud. This insect has some 
potential as a biological control agent of this aquatic 
weed.
Six or seven larval instars develop during a two 
month period. Some larvae enter diapause after the fifth 
instar and remain in diapause from one to four months 
during the winter. The insect has at least two generations 
each year. The insects also feed on pickerel weed,
Pontederia cordata L.
Seven parasites and three predators were found to 
attack the immature stages. The parasitic wasps,
Telenomus arzamae Riley, (Scelionidae), and Anastatus sp. 
(Eupelmiclae) parasitize the eggs. An ichneumonid wasp,
Campo letis sp. and two undetermined species of tachinia 
flies parasitise the larvae. A pteromalid wasp, Bupteromalus 
viridescens (Walsh), and an undetermined species of 
ichneumonid wasp parasitize the pupae. A lady beetle, 
Coleomegilla maculata DoGeer, (Coccinellidae) feeds on 
eggs and young larvae. A ground beetle, Chlaenius pulsillus
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Say# (Carabidae) and a bush cricket# Phyllopalpus 
pulchelus (Uhler)# (Grillidae) feed on larvae. All 
parasites and predators were collected in the Bayou 
Pigeon and Bayou Sorrel areas of Louisiana.
INTRODUCTION
The introduction of several species of aquatic 
plants into the United States has resulted in weed • 
problems in lakes, canals and rivers. V7ater hyacinth, 
Eichornia crassipes (Mart.) Solrns., is such a weed. The 
exact date of its introduction is not known, but from 
all accounts it was apparently brought into this country 
from South America about 1830.
The water hyacinth reproduces mainly by stolons and 
at such a rapid rate that it quickly fills the streams, 
lakes, ponds and canals which become infested by it. it 
floats on the water surface thereby increasing its rate of 
dispersal. It also produces seeds which remain viable for 
a long period of time.
Because of the expense of chemical control measures 
and the possible adverse side effects from use of chemicals, 
it v/as deemed important to seek control by other methods.
The possibility of using phytophagus insects prompted this 
study.
During preliminary surveys of waterways infested by 
water hyacinth, Arzama densa V7alker, a lepidopterous insect, 
family Noctuidae, v/as found heavily infesting the weed in 
several areas. Infestation levels were such that its 
potential for control of water hyacinth appeared to. be worth
evaluating. Studies were undertaken to provide answers to 
the following questions:
1. What potential damage can this insect inflict on 
the weed population?
2. What characteriz.es this insect in all its stages 
of development?
3. How many larval instars does it undergo? how long 
is each stadium and what is the duration of its entire life
-span?
4. Is the population greatly affected by parasites 
and predators?
5. What is the seasonal occurrence of this insect?
6. How. widely is it distributed in Louisiana?
REVIEW OF LITERATURE
The water hyacinth, Eichorn.ia crassipes (Mart.)
Solms. is a monocotyledonous plant in the family Pontede- 
riaceae. The genus Eichornia consists of five species all 
of which are of tropical origin, Schwartz (1926, 1930). 
Penfound and Earle (1943) state that water hyacinth is 
native to Brazil, hut has spread to all countries of the 
world which have a favorable climate for its development. 
According to Webber (1897) and L/A garde/7 (1930) water 
hyacinth was probably introduced into the St. Johns River 
in Florida in 1390. Webber (1897) states that the basal 
portion of the leaf stalks is swollen and full .of air.
The roots form bushy masses that grow over two feet in 
length. Shifting of the plants from one place to another 
was also noted by him. He also commented that in a few 
years after its introduction the plant was clogging bayous 
and rivers, and that persons interested in aquatic activ­
ities had begun to search for methods of halting its spread.
Water hyacinth reproduces mainly by stolons. The 
ability of the plant to reproduce by seed was experimentally 
demonstrated by Hitchcock et_ al. (1940) at Norco, Louisiana. 
These workers report that the seeds require a period of tv:o 
months of exposure to high water temperatures to germinate 
after ripening. Bissland and weeks (1950) reported that
seeds remain viable for about seven years.
Webber (1897) found that in the fall when other 
green plants are scarce pigs and cov/s fed on v/ater hyacinth. 
Sircar and Chacravarty (1961) discovered that the roots 
of water hyacinth have growth regulating substances of 
the gibberelin type. Datta ejfc a_l. (1966) isolated pro­
teins from water hyacinth leaves. He has experiments in 
progress to study the nutritional value and storage of the 
isolated proteins.
As a noxious weed water hyacinth is important because 
it handicaps inland navigation, Webber (1897). Davies (1959) 
reported that water hyacinth restricts the breeding places 
of fish. In his work with the culicine mosquitoes of 
Singapore, Colless (1957) noted that Anopheles, Mansonia 
and other mosquitoes breed in water hyacinth infested 
ponds.
Control of Water Hyacinth.
In the past, several methods have been tried to 
eradicate or control v/ater hyacinth. To date no satis­
factory method has been found. Bissland and Weeks (1950) 
state that prior to the advent of growth r.egulating 
herbicides, especially 2,4-D, the control of water hyacinth 
consisted of floating,the plants away by using tug boats, 
by using rigs to crush them, and by spraying them with 
arsenates.
Other methods of control have been tried or suggested
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many of which are still in the experimental stage, chan 
(1934) reported that adult and larval stages of the 
galerucid beetle, ceratia orientalis Hornst, feed on 
water hyacinth leaves. Viosca (1949) fed water hyacinth 
over a period of 30 years to the crawfish Procambarus 
clarkii Girard, and P. blandingii acutus Girard, as well 
as to the turtles Pseudemys scripta troostii Holbrook, and 
_P. f3.oridana concinna LeConte. The spider mite Septanychus 
tumidus Banks, (=Tetranychus tumidus) (Banks), was also 
observed by viosca (1949) to cause considerable damage to 
the plants. Hunt (1958) mentions that in Florida the giant 
tropical snail, MarIsa cornuarletis (L.), is being tested 
as a control agent of v/ater hyacinth.
Indian scientists are working with fungi for control 
of water hyacinth. Raj (1965) reports that the fungus, 
Marasrniellus inoderna (Berk) , covers the plants to a large 
extent and produces decay quickly.
Blackburn (195 5) reports experiments with carp Cvpr1- 
nus spp. that show promise as a control of v/ater hyacinth. 
Grass carp was demonstrated to have the greatest potential 
in destroying the plants.
Classif icat j.on of Arzama .
The first biological account of an aquatic lepidopteran 
is credited to Reamur who according to McGaha (1954) de­
scribed the behavioral activities and life cycle of a 
lepidopteran, probciblv Nymphula nymphaeta in 1736.
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The genera Arzama Walker, Bellura Walker and Sphida 
Grote are regarded by Forbes (1954) as the genus Arzama 
Walker. He separates the Arzama species into two main 
groups. The first group has a flat front, the female 
antennae simple and the larvae feed on water lily, Nuphar 
sp. It is represented by A. gortynoides Walker, A. diffusa 
Grote, and A. vulnifica Grote. The second group comprises 
those Arzama species that have the front with a strong cen­
tral bulge with a minute glossy apex and pectinate antennae 
in the female. Their larvae feed mainly on cattail, Typha 
latlfolia L., and T. angustifolia L. In this group Forbes 
places A. obliqua Walker, A. brehmei Barnes, and A. densa 
Walker. Hampson in 1910 (after Dyar 1922) on the assumption 
that both Arzama densa Walker and Bellura gortynoides Walker 
have a smooth clypeus placed A. densa Walker as a synonym of
B. gortynoides Walker. Barnes and KcDunnough in 1914 re­
examined the type specimen and noticed that A. densa Walker 
had a tubercle on the clypeus. They resurrected the genus 
Arzama. Dyar (1922) disagreed on the classification of 
Arzama densa Walker. He said "A number of specimens are 
before me identified as Bellura gortynoides, all of which 
on careful examination show a tubercle on the clypeus. I 
suspect,therefore,.that this may be the case in Walker's 
type also."
Grote and Robinson (1867) compared the male of A. 
densa Walker with A. obliquata Grote and observed that A. 
obliquate Grote differs by its much larger size and color,
but that in ornamentation the two species are much alike. 
McDunnough (1933) listed A. obliquata- Grote as a synonym of 
A. obliqua Walker and A. aecogenes Dyar as a synonym of A. 
densa Walker, while B. vulnifica Grote was listed as a 
synonym of B. gortynoides Walker. Welch (1914), however, 
noted that B_. melanopyga Grote is considered by some as a 
synonym of B_. gortynoides.
Comstock (1381) reported that the larvae of Arzama 
melanopyga Grote were very common in Beresford, Florida on 
the leaf-stalks of the yellow pond lily, Nuphar advena Ait.
He also reported that the larvae bore into the petiole some­
times to a depth of two feet below the water surface. These 
larvae remained voluntarily under the water for half an 
hour. The larvae have large caudal spiracles and the 
ability to swim. Welch (1914) mentions two feeding periods 
for Bellura melanopyga Grote. The first or mining period 
refers to the feeding of young larvae on the leaves. The 
second or petiole period refers to the feeding of older 
larvae inside their burrows in the plant petioles. Riley 
(1883), Riley and Kellicot (1883) and Robertson-Miller 
(1923) noted that A. obliquata Grote feeds on pickerel 
weed, Pontederia cordata L. Forbes (1954) states that the 
genus Arzama is characterized by having slender larvae 
that bore into the stems of aquatic plants and feed on 
submerged portions.
Comstock (1381), Welch (1914) and Robertson-Miller 
(1923) observed that Bellura gorcyuoides Grote could swim
with ease. Riley and Kellicot (1883) placed larvae of Arzama 
obliquata Grote in a pail of water in which they swam for six 
hours'without injury. The ability of Arzama obliquata Grote 
to crawl out of stems and enter the soil was reported by 
Riley and Kellicot (1883), and Riley (1883) .. Robert son-Mi H e r  
(1923) made similar observations of Bellura gortynoides Grote.
Forbes (1954) reported that Arzama densa Walker feeds 
on pickerel weed and was first described by Walker in 1865.
As to the seasonal occurrence of A. densa Walker, Forbes 
states that in the Gulf Strip it is double brooded in the 
summer.
METHODS AND MATERIALS
During the course of the study surveys were made 
throughout Southern Louisiana of insects that feed on 
water hyacinth. In November 1966, Arzama densa Walker was 
found and considered to be an important insect to work with 
as a potential weed control agent.
The life history v/as studied in the laboratory and 
field examinations were made at Bayou Sorrel and Bayou 
Pigeon, Louisiana. Work on the seasonal occurrence of the 
insect was restricted to areas that had not been sprayed 
with herbicides for at least six months.
Rearing.
in the fall and winter of 1966-67 larvae and pupae 
were brought from the field and held in the laboratory.
The larvae were reared on water hyacinth plants and on an 
artificial medium used for.rearing the sugarcane borer, 
(Diatraea saccharalis (Fab.).
In rearing experiments a piece of plant root or leaf 
was placed in a Petri dish or in a one gallon jar for food. 
One larva was placed in each container. ' The other rearing 
experiments consisted of a series of Petri dishes four 
inches in diameter, each filled one fourth of an inch with 




The pupae were sexed and placed in paper lined one- 
half-gallon ice cream cartons and left there until the 
female adult emerged/ mated/ laid eggs and died. All Petri 
dishes/ one gallon jarS/ and the ice cream cartons were 
held in 30 gallon aquariums lined with wet paper towels to 
provide high humidity. Observations were made daily.
Fresh plant'material proved to be unsatisfactory 
for food because the larvae bore into the inside thus 
preventing observation of larval development without 
dissecting the host material. This resulted in some 
injured larvae. The transfer of the larvae from partly 
decomposed material to fresh material was in many cases 
detrimental to the larvae.
Adults from some of the pupae placed in the ice 
cream cartons emerged/ mated and laid fertile eggs.
The newly hatched larvae were transferred to Petri dishes 
containing media .and were observed daily.
Oviposition studies. pupae were collected .from 
water hyacinth in the bayous/ brought to the laboratory and 
placed in one pint ice cream cartons. As soon as the moths 
emerged they were paired and transferred to one-half gallon 
ice cream cartons. The inside'of the carton was lined with 
white bond paper to facilitate counting the eggs. The lids 
were perforated to allow good aeration. The cartons were 
then placed in an empty aquarium the bottom of which was
11
lined with wet pap.er towels. The number of eggs laid, the 
incubation period, and the size and shape of the eggs were 
determined.
Larval periods. Five newly hatched larvae were 
transferred to a section of moist pickerel v/eed leaf 
approximately three inches in length. A leaf section with 
the larvae was then placed in a four ounce baby food jar.
To prevent the young larvae from escaping the jar was kept 
closed until the first molt. Observations were made daily 
with the aid of a binocular microscope. VIhen fungi de­
veloped on the food the larvae were transferred to fresh 
food in a clean jar.
Immediately after the first molt the larvae were 
transferred to Diatraea saccharalis (Fab.) medium in Petri 
dishes. One larva was placed in each dish. To prevent the 
larva from escaping the dish bottom and cover were held 
together with masking tape. As soon as the larva bored 
into the media the masking tape was removed. A wet 6 inch 
camel's hair brush was used to make the transfer.
Development of the larvae was checked daily. New 
food was supplied whenever there was some deterioration of 
the media or when the insect needed more food. As a molt oc­
curred the head capsule and exuvium was removed immediately. 
Size and color of the larvae were recorded after each molt. 
The larvae were measured with a small millimeter rule while
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resting fully extended in the Petri dish, or on a white 
paper sheet.
Prepupal stage. As soon as the larva began to 
secrete threads to build its cocoon the prepupal stage was 
recorded as beginning,end its characteristics recorded.
Pupal stage. Each newly formed pupa was placed in 
an empty one-half gallon ice cream carton covered with a 
perforated lid. P„ paper napkin was placed inside to 
prevent injury to the pupae while handling the carton.
Pupal development was observed daily.
Adult stage. Newly emerged moths were not removed 
from the ice cream cartons. A small Petri dish with eight . 
percent sucrose moistened cellucotton was placed inside 
each carton for food. To provide a humid environment for 
the moths the cartons were placed inside an empty 30 gallon 
aquarium lined at the bottom with wet paper towels.
Insect Surveys.
Surveys of weeds were made in the Bayou Sorrel and 
Bayou Pigeon areas. Trips were made at monthly intervals 
to the water hyacinth infested areas. Study areas v/ex-e 
marked to avoid duplication of observations. This v/as 
accomplished by placing ribbons around each study area.
In most cases 300 plants were removed from the v/ater 
each month for making infestation counts. Determination of
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the larval stages infesting the plants v/as made. The 
number of egg masses on the plants, or on other plants 
near the area v/as also recorded. Plants were examined at 
random. Plots for examinations were selected at intervals 
of five to ten miles.
An infested plant was one which showed signs of 
larval feeding. The presence of fresh frass was, in most 
cases, sufficient evidence that the plant was infested.
The infested plants were pulled apart by hand to note the 
approximate age of the insect, and to observe larval or 
pupal predators.
Some larvae and pupae were collected and brought to 
the laboratory and held to permit any parasites to emerge.
Egg masses in the field were observed for possible predation. 
Egg masses were collected and taken to the laboratory for 
further studies.
Water hyacinth as food for Arzama densa Walker.
Experiments to determine the amount of damage that A. 
densa Walker can inflict on water hyacinth was conducted on 
the LSU campus. Four treatments, or levels of infestations, 
were established and each v/as replicated four times. The 
check received no larvae. The others received 25, 50 and 100 
larvae,respectively. Sixteen 420 gallon metal tanks were 
buried in the ground to a depth of 23 inches from their 
bottom. The tanks were arranged in two rov/s, v/ith a nine-
foot buffer between rows and a three-foot buffer between 
tanks vrithin the rows, Figure 1. Each tank was stocked 
with 100 plants and filled with water. Healthy uniform 
plants were collected from areas in Bayou Pigeon which had 
not been sprayed with herbicides. Water in the tanks were 
renewed every ten days to prevent stagnation. Each tank 
was fertilized one time with 26 grams of 8-8-8 fertilizer.
Second instar larvae reared on leaf sections of 
pickerel weed were used to infest the plants. The larvae 
were placed on the stems of water hyacinth just after the 
first molt. A wet camel9s hair brush was used to transfer 
the larvae. Daily observations were made thereafter to 
determine their activity.
The water hyacinths were removed from the tanks after 
7 weeks and examined for the number of plants bored, the 
number of.plants killed, the number of offshoots produced 
by the plants as a reaction to the treatment or from 
natural increase, the number of insects present, and their 
respective developmental stage. The plants were then 
weighed to determine if the insect feeding had any sub­
stantial effect on fresh plant weight. The plants were take 
to the greenhouse, spread on concrete benches, air dried for 






























Figure 1. Arrangement of tanks for experiment to determine the amount of injury 
which larvae of A. densa Walker are capable of causing to water 




Unmated females laid eggs v/hich did not hatch. 
Oviposition records were obtained for ten mated females 
which were collected as pupae from field infested plants. 
These results are presented in Table I.
An average of 328 eggs was laid by each of 10 mated 
female moths. The minimum was 186 eggs and the maximum 
489 eggs. Each mated female laid some eggs which did not 
hatch.
Characteristics of developmental stages.
Eggs.
The- eggs of Arzama densa Walker are round and yellow 
when first laid. Mature fertile eggs assume a smooth sub- 
spherical form and later become black in color. The ventral 
pole where the egg is attached to the leaf is flattened. At 
maturity the eggs are .90 mm long and about .90 mm at their 
maximum width.
The eggs are laid in clusters on the leaf surface and 
are covered with light yellow fluffy hair as shown in Figure
2. Each egg mass contains 30 to 40 eggs. Each female moth 






of eggs laid by each of ten mated female 
densa Walker. Baton Rouge,Louisiana,
Specimen No. Sterile Eggs Fertile Eggs . Total
1 26 253 279
2 24 240 264
3 20 200 220
4 16 170 186
5 30 220 250
6 43 285 328
7 20 322 342
8 24 465 489
9 37 452 489
10 30 400 430
Avg. per moth 27. 0 i 8.3 300. 7 - 105.3 327.7. ^ 108.6
17




First instar larvae. Newly hatched larvae have a 
very conspicuous large black head and are about 1.9 mm 
long. The legs and the cervical shield are nearly black 
in color. The rest of the dorsum is light brown with a 
pinkish tint. A clear line is visible along the dorsum.
Larval setation is pronounced. The setae on the tenth 
abdominal segment are twice as long as all others. The 
ventral eversible gland located on the ventromeson of the 
prothorax is conspicuous and actively secretes webbing in 
this stage. The caudal spiracles located at the end of 
the eighth abdominal segment are noticeably larger than all 
others.
In the laboratory larvae feed gregariously on the 
leaves of pickerel weed, but when disturbed they drop from 
the food. In an attempt to rear larvae on water hyacinth 
several newly hatched larvae were placed on fresh water 
hyacinth stems. Within a few hours all the larvae had 
bored in.
Before the first molt occurs the first instar larvae 
reach a body length of 5.2 mm and are less than a milli­
meter in diameter. This stage is shown in Figure 3.
Second instar larvae. The head of second instar 
larvae is yellowish brown in color and the cervical shield 
is ash-gray. The rest of the dorsum is amber colored. The 
ventral side is more whitish than yellow. The caudal hairs
Figure 3. First instar larvae feeding on pickerel 
weed, Pontederia cordata L.
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and the caudal spiracles are conspicuous in size. By the 
end of this stadium the larvae have grown to a length of 
8.6 mm. This stage is shown in Figure 4.
Third instar larvae. The third instar larval color 
pattern is simi3.ar to that of the second instar. At this 
stage the dorsal tracheal trunks become visible through the 
transparent dorsal cuticle. Near the end of this stadium 
the larvae are 19 mm long and about 2 mm in diameter.
Fourth instar larvae. The fourth instar larva has 
a head strongly yellow in color. The cervical shield is 
brown. Two longitudinal pink tracheal tubes leading from 
the pronotum to the caudal spiracles are visible. On the 
tenth abdominal segment the six caudal seta are twice as 
long as all other seta on the body. The ventral side is 
white. By the end of this stadium the mean body length of 
the larvae is 30.4 mm. This stage is shown in Figure 5.
Fifth instar larvae. The fifth instar differs from 
the preceding instar chiefly in color and size. At the 
onset of this stadium the larva is still of a yellow color/ 
but gradually darkens. The pronotum is yellbw and bears 
the conspicuous brown saddle-like cervical shield. Late 
fifth instar larvae are almost black in color and are 4-2 
mm long. The width of these larvae is about 4.5 mm. This 
stage is shown in Figure 6.
Figure 4. second instar larva of Arzama densa Walker.
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Figure 5. Fourth instar larva showing caudal 
spiracles.
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Figure 6. Fifth instar larva.
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Sixth instar larvae. The sixth instar Larva has a 
characteristic white venter and a black dorsum. Some 
larvae pupate during this stadium. Before the prepupal 
stage begins this stage has a body length of 48.4 mm.
Seventh instar larvae. No outstanding differences 
were found between the sixth and seventh instar larvae.
VJith the exception of the seventh larval instar the 
body measurements show that there is a gradual increase 
in body length at each molt. The maximum-body length of 
both sixth and seventh instar larvae reared in the 
laboratory was 53 mm. However/ several larvae collected 
in the field measured over*60 mm as shown in Figure 7.
The presence of larger larvae in nature may be attributed 
to the freedom larvae have in selecting fresh food, or 
other unknown environmental conditions.
The color pattern of the larvae changes with age. 
Stages up to the fifth instar were predominantly yellow 
in color, thereafter they were black. Comstock (1331), 
while working with. Arzama melanopyga Grote (=Arzaraa 
gortynoides Walker) said that when full grown, the larvae 
measured 50-70 mm in length. Riley (1333) and Forbes (1S54) 
report that Arzama oblique walker larvae are light in color 
at first and black in older stages.
The main distinguishing characteristics of the larvae 
are the caudal spiracles which are located on the dorsum at
Figure 7. Field collected larva 62 mm long.
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the posterior margin of the eighth abdominal segment. The 
spiracles are large and elliptical and are situated on each 
side of the median line. These spiracles are held above 
the water for breathing while the larvae are feeding on 
submerged plant parts. Welch (1914) noted that larva of 
Bellura melanopyga Grote (=Arzama gortynoides Walker) lies 
in the petiole of the plants with the posterior end toward 
the top of the burrow.
Prepupal stage. Prior to the onset of the prepupal 
stage the larvae wander around the Petri dish searching 
for a suitable pupation site.
Approximately three days before pupating the larva 
entered a prepupal stage during which its length shortened. 
After spinning a small and sometimes barely visible cocoon 
of silk the larva remained stationary until pupation 
occurred:
pupae. Just after pupation the pupal color is dark 
brown, but after a few hours it becomes black. Segments 
eight, nine and ten have a ridge on the dorsal side that 
is finely toothed. The cremaster bears four curved 
spines. Female pupae are thicker and larger than male 
pupae as shown in Figure 3.
Adults. Adult males are different from the females 
in having a rather slender pointed abdomen. They are 
darker brown in color and orbicular and reniform marks are
4
Figure 8 Empty pupal cases showing the smaller 
size of the male pupal skin and the four 
spines on the cremaster.
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not as bright as in the female. The abdomen of the female 
is rounded with an anal tuft that varies in color from 
white to light yellow. The description of Arzama densa 
Walker given by Forbes (1954) is in close agreement with 
the one here reported. ' Dorsal and ventral views of male 
and female moths are shown in Figures 9 and 10.
The wing span averages 34.8 mm in the female and 
31.3 mm in the male. The average wing span of the males 
is in close agreement with that reported by Forbes (1954). 
Body measurements of eggs, larvae, pupae and adults are 
presented in Table II.
Duration of developmental stages.
An egg mass containing about 35 eggs laid January 3, 
1967 was selected for this study. The larvae were reared 
in an incubator at 70 F. and a 14 hour photoperiod. The 
results obtained are given in Table III.
In the summer of 1967 the life cycle was studied 
further in the laboratory at room temperature. The date 
of female oviposition served as the starting point to 
determine the duration of each developmental period, and 
the total life span of the insect. These results 
are shown in Table IV.
The developmental studies conducted in the winter 
1966-67 show that diapause in larvae of Arzama densa 
Walker begins after the fifth instar. From then on
Figure 9 Dorsal view of female (top) and 
male moth (bottom) of Arzama 
densa Vvalker.
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Figure 10. Ventral view of female (top) and male 
moth (bottom) of Arzama.densa Walker.
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Table II. Measurements of Arzama densa Walker in millimeters 




Stage Minimum Maximum Mean
10 Egg •89 .91 .90 + .01
. 10 Larva at 
hatching
1.9 2.1 2.0 + .05
10 1st. Instar 3.6 6.5 5.2 + .86
10 2nd. Instar 7.0 10.0 8.6 + 1.15
10 3rd. Instar 16.0 22.0 19.0 + 1.62
10 4th. Instar 27.0 35.0 30.4 + 2.92
10 5th. Instar 39.0 45.0 42.0 + 2.01
10 6th. Instar 45.5 53.0 48.4 + 2.04
6 7th. Instar
4
46.0 53.0 49.8 + 2.79
10 Pre-pupa 27.5 34.0 30.5 ± 2.21*
19 Pupa males 15.0 25.0 21.2 + 2.17**
10 Pupa females 21.0 27.0 24.5 + 1.50
13 Pupa males 
(diam.)
3.4 5.0 4.2 + .46
13 Pupa females 
(diam.)
4.5 6.0 5.2 + .39
13 Adult males 14.5 17.5 15.9 + .87
12 Adult females 15.0 19.0 16.7 + 1.21
12 Adult males 
(wing span)
29.0 33.5 .31.3 + 1.19
12 Adult females 
(wing span)
32.0 37.0 34.8 Hr 1.56
*' . Measured when larva first began to secrete silk threads. 
** Empty pupal cases were measured.
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Table III. Duration in days of developmental stages of 
Arzama densa Walker reared at 70 p. and 14 
hour photoperiod. Baton Rouge# Louisiana# 
1966-67.
No. insects Developmental 
Observed Stage______ Minimum -Maximum Mean
14 Egg . « 5 6 5.4 + 0.51
14 1st. Instar 3 5 3.8 + 0.70
14 2nd. Instar 4 6 5.2 + 0.80
14 3rd. Instar 4 8 5.6 + 1.57
14 4th. Instar 3 10 5.4 ± 1.98
14 5th. Instar 6 10 7.1 + 2.18
8 6 th. Instar 9 17 12.5 + 2.56
5 6 th. Instar 5 9 7.0 + 1.58*
2 7 th. Instar 9 10 9.5 + 0.71
8 Pre-pupa 2 4 3.1 + 0.64
14 Pupa 11 17 14.6 + 1.83
6 Female pupa 15 17 16.2 + 0.75
4 Male pupa 11 15 13.8 ± 1.89
6 Adults 8 14 10.1 + 2.32
2 Female adult 8 11 9.5 +. 2.12
4 Male adult 8 14 10.5 + 2.65
6 Total life span 63 70 66.5 + 2.86**
4 Diapause 25 120 80.0 + 44.39**
* Of 14 insects-# nine pupated in the sixth instar.
** Life span of insects calculated until adult died.
*** Of 14 insects four diapaused after the fifth instar.
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Table iv. Duration in days of developmental stages of 





Stage Minimum Maximum Mean
32 Egg 6 6 6.0 ± 0.00
32 1st. Instar 3 4 3.5 - 0.51
32 2nd. Instar 4 6 5.4 - 0.72
32 3rd. Instar 4 7 5.7 ± 0.84
32 4th. Instar 3 6 4.8 i 0.86
32 5th. Instar 4 7 5.3 ± 0.74
27 6th. Instar 7 15 10.3 i 1.89
5 6th. Instar 6 7 6.2 ± 0.50*
5 7th. Instar 10 11 10.2 i 0.50
21 Pre-pupa 3 6 3.7 - 0.63
25 Pupa 8 12 10.0 - 1.00
7 Female pupa 9 10 9.7 - 0.41
18 Male pupa 8 12 10.1 - 1.14
17 Adults 6 12 9.2 - 1.64
4 Female adult 8 11 9.3 ± 1.42
13 Male adult 6 12 9.2 ± 1.78
17 Total life span 57 70 61.7 - 3.96**
* Of 32 insects, 27 pupated in the sixth instar.
** Life span of insects calculated until adult died.
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development is highly irregular and retarded. The larvae 
remain in diapause about four months without apparent 
feeding. The duration of the diapause period closely 
agrees with the five-month hibernating period of Arzama 
obliqua Walker reported by Forbes (1954).
The developmental studies revealed that out of six 
insects that completed their life cycle in the winter/ two 
were females. In the summer four of 13 insects that 
completed their life cycle were females’.
If the incubation period is estimated to be six 
days, the maximum life span of the insect from the time 
the egg was laid until the adult died is about 137 days 
in the winter and 70 in the summer. This indicates that 
the summer generation does not diapause and that there 
are at least two generations per year.
Egg clusters were found on the surface of fully 
expanded leaves, where masses of egg shells were seen 
on leaves, small scarifications along the petioles and 
stems were present. Further examinations-of the plant 
revealed young larvae feeding actively on the tender 
basal stems.
In infested water hyacinths only one larva was 
usually found boring deep into the primary root. Some 
larvae were found feeding a foot below the water surface.' 
Third and fourth instar larvae-were usually found feeding
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in shallow burrows on the root collar. Younger larvae 
concentrate feeding activities on the young unfolded 
leaves which grows around the main stem. Pupation occurs 
usually above the water surface in the basal part of 
stems.
The larva were able to migrate from one plant to 
another by swimming,- floating and crawling. They burrow 
from one part of a plant to another inside the stolons. 
Larvae removed from the plants and tossed into a ditch of 
water eight feet wide were able to swim on the surface of 
the water. V7hen swimming the larva holds its head up and 
propels itself forward by making rhythmic undulatory 
movements of the abdomen. The larva which falls ventral 
side up when tossed into the water remains motionless for 
a while and then swims ventral side up until it encounters 
an object to climb on. If no object is available the 
larva continues to float on the surface of the water.
Water hyacinth plants infested with larva manifested 
the symptoms of small scarifications along the petiol and 
stems, sections cut out of the young leaves that envelop 
the young stems, browning and dying of the young unfolded 
leaves, basal stems cut off near the crown, production 
of lateral buds, and drying and browning at the tip of the 
leaves. Plants that had been attacked for a long time had 
large, long burrows inside the primary root. Some of the 
tunnels were over a foot long, had necrotic areas, and were
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infested by rat-tail maggots, Eristalis sp., (Syrphidae.).
Water hyacinth is a herbaceous plant with the 
principal stem growth occurring at the apex of the main 
axis of the plant. The feeding of young Arzama larvae 
above the collar of the plant injured or destroyed the 
terminal bud. Damage to the terminal bud affected apical 
dominance which resulted in thickening of the crown and 
the production of lateral buds. A larva feeding on a 
terminal bud is shown in Figure 11.
No predation of Arzama densa Walker was observed
while it was swimming. It is likely that fish eat larvae
if they become available. Welch (1914) observed that 
fish of all sizes feed upon larvae of Bellura melanopyga 
Grote. A water strider, Gerris sp., was also observed 
by Welch to attack the larvae.
Parasites and predators of Arzama densa Walker.
Larvae of Arzama densa Walker were attacked by other
insects. A list of the parasites and predators of Arzama 
densa Walker found in this study is given in Table V.
Because many of the larvae collected died from 
injuries received while the plants were being examined, 
the percentage of parasitism was not established. Many 
larvae collected in the field were parasitized by tachinid 
flies, in several collections, 50 percent or more of the 
larvae that survived handling operations and transportation
Figure 11. Arzama larva feeding on a terminal 
bud of water hyacinth, Eichornia 
crassipes (Mart.) Solms.
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Table v. List of predators and parasites found associated with Arzama densa Wallcer 
at Bayou Sorrel and Bayou Pigeon, Louisiana in 1967.
Predators Parasites
Coleoptera:
Coccinell.idae, Coleomegilla maculata DeG.** 
Carabidae, Chl&enius pulsillus Say* 
Carabidae, Stenocrepis sp.
Carabidae, Ardistomis sp.
Carabidae, Ardistomis viridis (Say) 
Carabidae, Ega salei Chev.
Diptera:
Tabanidae, Tabanus atratus Fab.
Hymenoptera:




Grillidae, phyllopalpus pulchellus (Uhler)
Diplopoda (Milliped)
Polydesmidae, Qxidus gracillis (Koch)
Egg parasites
Hymenoptera:









Pteromalidae, Eupteromalus viridescens (ftalsh).
Ichneumonidae, 1 species.
* Observed feeding on larvae.
** observed feeding on eggs and larvae.
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to the laboratory were parasitised. The tachinid fly shown 
in Figure 12 was the most common larval parasite found 
throughout the year. A large ichneumonid wasp depicted in 
Figure 13 was the main pupal parasite. To a lesser degree 
the pupae are parasitized by the pteromalid wasp, Euptero- 
rnalus viridescens (Walsh) . This insect is shown in Figure 
14. The scelionid wasp, Telenomus arzamae Riley, depicted 
in Figure 15 was the most abundant egg parasite. Anastatus 
sp. was also collected from Arzama eggs. Though few egg 
masses were collected in the fall, the majority was 
parasitized. Egg and pupal parasites were most abundant 
in the summer.
The lady beetle, Coleornegilla maculata DeGeer, feeds 
on eggs and young larvae. The bush cricket, phyllopalpus 
pulchellus (Uhler), and the ground beetle, Chlaenius 
pulsillus Say, feed on larvae. Not seeing other predators 
may be attributed to disturbance caused by the observer.
The insects found in the burrows are listed in Table V.
Seasonal appearance of host plants. During the 
winter months water hyacinth plants appeared to be dead. 
Upon close examination it was found that only the foliage 
was dead as a result of cold weather. New foliage begins 
to grow in March. In April and May green plants were 
plentiful in ditches and bayous. By June and July the 
plants were growing vigorously. Plants three feet tall 
were numerous in August and September.
Figure 12„ Dorsal view of a tachinid fly whose 




Figure 13. large ichneumonid wasp and the empty
Arzama pupal case from which it emerged.
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Figure 14. A hyroenopterous pupal parasite, 




Figure 15. A hymenopterous egg parasite, 
Telenomus arzamae Riley, 
(Family Scelionidae) .
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Pickerel weed thrives at the edges of bayous and in 
drier areas. Arzama dsnsa Walker was collected on pickerel 
weed for the first time in May. At that time the weed was 
considerably taller than water hyacinth and more heavily 
infested with Arzama in all their developmental stages.
Egg masses were abundant on the leaf surfaces. Larvae 
were observed boring inside the root. Pupation occurred 
mainly at the base of the leaf stalks.
Seasonal occurrence of Arzama infestations in water
hyacinths. During the period of November 1966 to October
1967, 7,783 water hyacinth plants were examined. The number
and percentage of plants fed upon and the number and percentage
0
of plants with insects in them is given in Table VI and 
shown in Figures 16 and 17.
The monthly examinations revealed that the population 
of Arzama densa Walker was lowest during the period November- 
March and highest during the period Apri.l-October. There 
was considerable fluctuation in population throughout the 
year. In April 10.84 percent of the plants examined were 
infested. At this time 35.50 percent of the plants were 
damaged. In July, 3.70 percent of the plants had insects 
in them and 10.04 percent- of the plants were damaged, in 
September 2.6.30 percent of the plants were infested and 63,60 
percent of the plants had been fed on. In December, 3.40
Table VI. Occurrence of Arzama densa Walker on water hyacinth in the Bayou Sorrel 
and Bayou Pigeon areas of Louisiana, 1966-1967.
Date N o o f  No. of Percent No. of No. of Percent of Percent of
Plants Plants plants ' of Larvae in Pupae in Plants Infested Plants
Sxam'd. Exam’d. Damaged Plants Infested Infested Exam'd. with with Insects
Damaged Plants Plants Insects in in Them
Them
11-23-66 1288 168 13 o 04 57 7 5.00 38.00
12-20-66 350 35 10.00 9 3 3.40 34.30
1-30-67 1125 194 17.24 56 5 5.40 31.40
2-18-67 300 45 15.00 11 2 4.30 28.90
3-22-67 70 7 10.00 2 0 2.90 28.60
4-21-67 1125 409 . 35.50 117 5 10.84 29.80
5-25-67 250 63 25.20 21 0 8.40 33.30
6-22-67 300 48 16.00 13 2 5.00 31.30
7-25-67 1125 113 10.04 37 5 3.70 37.20
8-17-67 250 70 28.20 20 0 8.00 28.60
9-24-67 300 191 .63.60 69 10 26.30 41.30


















! ifi!i I l,,|i 'nj
'iVi.i'i % of plants fed on








uf m . n l '
Jan. Feb. Mar. Apr. May June July
Monthly occurrence of Arzama densa Wallcer on water 
























NOV. Dec, Jan, Feb. Mar.. Apr. May June July Aug. Sep.
Fig. 17. Time of year of water hyacinth examination for 









percent of the plants examined had insects in them and 10 
percent of the plants were damaged. The greatest percent 
of plants with insects in them occurred in September and 
the least percent occurred in March and August.
In his work with Bellura melanopyga Grote, Welch (1914) 
stated that many burrows were deserted without apparent 
cause. Such a phenomenon also occurs with Arzama densa 
Walker. The data in Table VI and in Figure 17 also shows 
that throughout the year 58.70 to 71.40 percent of the 
infested plants had no larvae in them. Deterioration of 
the plant tissue, presence of other Arzama larvae in or 
near the same burrow, larval maturity, predation and 
secondary infestation by syrphid flies may cause burrow 
desertion. Dodd (1940) stated that Cactoblastis cactorum 
(Berg) exposed and destroyed much plant tissue and that 
exposed tissue was then infested by secondary feeders which 
helped in the destruction of the prickly pear.
The effect of infestation by Arzama on growth of water hyacinth.
The effects of 0, 25, 50 and 100 larvae feeding on 
100 water hyacinth plants grown in metal tanks are given 
in Tables VII - XII. Twenty-five larvae per 100 plants 
caused considerable injury to the plants. Partial to 
total destruction of the crown was the main damage caused 
by the larvae. These infestations were generally much 
greater than any found in the field.
Plants in the check treatments were attacked by 
larvae that immigrated into them from other treatments. 
The effects of their feeding on the plants are given in 
Table VII.
Death of plants in the check treatment was likely 
caused by natural factors, by damage.caused in handling, 
or by becoming submerged in the tanks.
The results indicate no significant increase in 
the number of plants killed between the intermediate 
level of infestation and high infestation level. The 
larvae did not devour the plants completely. The highest 
percentage of plants killed at the highest level of 
infestation was 13. These results are shown in Table 
VIII.
The quantity of buds produced by plants in the 
lowest level of infestation was greater than in the 
check. Excessive lateral bud development was probably 
caused by the destruction of the apical buds and loss 
of apical dominance as a result of injury caused by 
larval feeding. The number of plants which produced 
buds but v/ere not infested v/as 29.5 percent. In the 
high level of infestation, 79.8 percent of the plants 
produced lateral buds, of these 50.3 percent can be 
attributed to larval feeding.
By lateral buds having the capability of becoming
new plants, the production of such buds appears to be 
highly undesirable in biological control of the weed 
plant.
Some work has been done concerning the viability 
and sexual reproduction of water hyacinth. Hitchcock et al. 
(1949) studied reproduction of water hyacinth by seed. In 
tests at Norco, Louisiana they obtained, under optimal 
conditions, 100 percent germination of water hyacinth 
seeds.
Flower stems of water hyacinths are usually destroyed 
by larvae feeding on the terminal buds and boring into the 
primary root. This destruction of the flower stalks 
prevents seed production. The number of buds produced 
by plants subjected to four levels of larval infestation 
is shown in Table IX. There was a significant difference 
in number of new buds produced between the low, intermediate 
high level of infestations and the check. There was also 
a significant difference between the low and high level of 
infestation. There was no significant difference in number 
of buds produced between the medium and high level of 
infestation.
Larval feeding on plants grown in metal tanks 
caused a reduction in dry weight. The low level of in­
festation reduced the dry weight by 10.38 percent, The 
intermediate level of infestation reduced the weight by 
23.15 percent. The high level of infestation caused
reduction in dry weight of 30.00 percent. Weight losses 
of. infested plants are given in Table X. There was 
a significant difference in weight between the check 
and the intermediate infestation, and between the low 
and the high levels of infestation. There was no difference 
between each adjacent treatment.
The low number of insects recovered indicates they 
probably deserted the plants. Why the insects abandoned 
the plants is not known. The number of insects recovered 
from the plants is given in Table XI.
The color changes which occur in infested plants 
indicates that the boring by Arzama impairs the physio­
logical processes in the plant. These color changes are 
given in Table XII.
Browning is caused by the inability of the plant to 
translocate water and nutrients through the damaged tissues 
to the leaves. The browning of the plants was most severe 
in the intermediate and high .level of infestation. In the 
low level of infestation most plants turned yellow and a 
few turned brown. The intermediate level of infestation 
resulted in yellow and brown plants. Yellow and brown 
was the predominant plant color in the high level of 
infestation. Green was the predominant color of plants 
in the controls.
Table VII. Number of plants per 
100 larvae placed in-




Replicate Check 25 50 100
I 0 70 75 85
II 5 72 81 84
III 2 73 77 86
IV 7 73 80 87
Total 14 288 313 342
Average 3.5a 72b 78c 86d
"Same letter indicates no significant 
means.
difference between
Table VIII. Number of plants per 
100 larvae placed in




Replicate Check 25 . _ 50 • 100
I 3 5 11 12
II 0 4 8 14
III 0 7 11 13
IV 4 5 10 13
Total 7 21 • 40 52
Average 1.75a 5.25b 10.00c 13.00c
Same letter indicates no significant difference
between means.
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Table IX. Total buds produced by 100 plants infested with 0, 
25, 50 and 100 larvae placed in water tanks.
Number of Larvae
Replicate • . Check 25 50 100
I 40 65 58 74
II 29 56 78 78
III 16 60 74 86
IV 33 52 77 81
Total 118 233 287 319
Average 29. 50a 58.32b 71.75c 79.75c
Same letter 
means,
indicates no significant difference between
Table X. Dry weight of water hyacinth plants in ounces 
after being infested with 0, 25,■ 50 and 100 
larvae for seven weeks.
Number of Larvae
Replicate Check 25 50 100
I 60,00 .51.50 46,00 30.00
II 57.50 46.00 ' 40,00 38.50
III 55.00 51.50 44,00 45.00
IV 58.50 58,00 47.00 48.00
Total ■ 231,00 207.00 "177.00 . 161,50
Average 57.75a 51.75ab 44,38bc 40.38c
Same letter 
means,
indicates no significant difference between
54
Table XIo Stages of Arzama recovered from 100 plants of four 
Infestation levels seven weeks after infestation 
was beguno
' ._________ ______Number of Larvae_________
Ch e ck___________25_______ ;________ 50______________ 100
1 live larva 4 live larvae 3 live .larvae 9 live larvae
1 dead pupa 1 dead larva 1 dead larva
1 pupal case 4 pupal cases 1 dead pupa
1 live pupa
Table XII. Effects of feeding by Arzama larvae on the 




Check 25 50 100
I Yellow-green Yellow-green Yellow-green Ye 1 low-brown
II Yellow-green Yellow-green Yellow-green Ye1low-green
III Green Green Yellow-brown Ye 1 low-brown
IV Green Yellow-brown Yellow-brown Ye 1 low-brown
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Arzama as a possible control agent of water hyacinth.
During the surveys conducted throughout Southern 
Louisiana, larvae of Arzama densa Walker were found in 
all the water hyacinth infested areas inspected, 
infestation by A. densa Walker was more pronounced 
on plants growing in ditches and ponds than in streams. 
The percentage of infested plants was not determined 
for all areas of the state. The majority of the water 
hyacinth stands were free of pickerel weed. However, 
in the Bayou Pigeon area mixed pickerel weed and water 
hyacinth stands were noted. The presence of pickerel 
weed in mixture with the water hyacinth plants, or 
near them, may alter the percentage of water hyacinth 
plants infested with Arzama. The percentage of pickerel 
weeds infested with A. densa Walker v/as not determined.
Since the original description of A. densa Walker 
antedates the introduction of v/ater hyacinth into the 
United States it is possible that the original host plant 
h.‘ <3ensa Walker was pickerel weed. A densa Walker 
likely accepted water hyacinth as a secondary host.
If an insect is to be of value in a weed control 
program it must be confined to a limited range of host 
plants and should not harm other important plants. Imrns 
(1929), Williams (1954), and Huffacker (1959) reached 
this conclusion after working with problems similar to
those caused by water hyacinth. According to Imms (1929) 
insects that are internal seed or fruit feeders, root or 
stem borers are preferable to leaf feeders because their 
livelihood is usually adjusted to that of the particular 
host.
Water hyacinth is an introduced plant pest of 
tropical origin and is generally isolated from plants of 
commercial value. Considering that an Arzama larva is a 
stem borer with specialized habits for an aquatic 
environment, the control of water hyacinth by this specie 
offers certain possibilities of success.
SUMMARY
A Noctuid, Arzama densa Walker, is an insect whose 
larvae bore into the stalks and roots of water hyacinth and 
pickerel weed. The female moth lays eggs in clusters of 
about 30 to 40 eggs each. Each female will lay an average 
of 328 eggs in about 8 clusters. The newly hatched larvae 
have a conspicuous black head. Young larvae are yellow 
and feed about.the root collar of the plants. Older larvae 
are black and spend their life inside the primary root.
The caudal spiracles located on the dorsum of the eighth 
abdominal segment are very conspicuous and apparently serve 
the larva while it is feeding on submerged plant parts.
The caudal end and spiracles remain above the water surface 
when the larvae feed.
Larvae reared in the laboratory reached a maximum 
length of 53 mm in the seventh instar, in nature some 
larvae examined measured over 60 mm in length. Under 
laboratory conditions during the winter some of the larvae 
diapaused for 1 to 4 months after the fifth instar. The 
larva undergoes six to seven instars before pupating. The 
female pupa is thicker and larger than the male pupa. 
Toothed ridges at the dorsal side of the eighth, ninth, 
and tenth abdominal segments, and a cremaster bearing 
spines ornaments the pupa.
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The adult males are somewhat darker brown in color 
than the females and have a pointed abdomen. The females 
have a wider wing span and a rounded abdomen terminating 
with a white, or light yellow anal tuft.
Estimating the incubation time as six days the 
total life span for a hibernating generation is about 
187 days, in the summer the life span is about 70 days.
This insect was easily reared in the laboratory on 
an artificial medium and on pickerel weed. The main 
difficulty encountered in the rearing was that many of 
the newly hatched larvae became entangled in the media.
It was necessary to feed them during the first instar on 
leaf sections of plant hosts in order to rear them 
.successfully on artificial medium.
In the field the young larvae feed on the green 
tender parts of the plants mainly above the root collar. 
Older larvae burrow deep into the primary root where 
usually only one larva is found.
Many burrows were found deserted. Several factors 
could cause the larva to abandon its burrow. Parasites, 
predators, the presence of other Arzarna larvae and other 
insects are probably factors. Many of the burrows were 
secondarily infested by rat-tail maggots, Eristalis so. 
Pupation occurred mainly on the basal part of old stems 
near the crown.
Scarification’s on the stems, leaves cut off, chlorosis 
of.young leaves, browning at the tip of old leaves, large
i
holes in the root collar, and excessive lateral buds are 
the main symptoms that characterize an Arzama infested 
plant.
Locomotion of the larval stages is by crawling, 
swimming and floating. Swimming is accomplished by rhythmic 
undulatory movements of the abdomen and it is performed in 
a snake-like fashion. The oily cuticle permits the larva 
to float and be carried by water currents. Egg, larval, 
and pupal parasites apparently keep the Arzama population 
low. The chalcid, Telenomus arzamae Riley, was the main 
egg parasite found. A tachinid fly v/as the most abundant 
larval parasite encountered. An ichneumonid wasp was the 
most common pupal parasite.
The coccinelid, Coleomegilla maculata DeGeer, the 
bush cricket, Phyllopalpus pulchellus (uhler), and the 
carabid beetle, Chlaenius pulsillus Say, were three 
predators observed.
According to these studies, Arzama densa Walker has 
at least two generations each year. The first generation 
occurs in the spring and summer. The second generation is 
heavily parasitized. Further population fluctuation is 
probably influenced by climatic conditions which may 
cause a reduction of the insect population. In winter, 
the population is characterized by a lengthy larval diapause.
These studies reveal that a small number of larvae 
can cause considerable damage to the plants. The' damaged 
plants do not die readily because of larval attack, but 
produce numerous lateral buds instead. Destruction of 
the terminal buds and larval feeding above the crown destroys 
many of the flower stems. The destruction of the flower 
stalks reduced the amount of seed produced and has an 
adverse effect on reproduction by seed. Feeding and 
boring into the plants impaired the physiological 
processes of the plants. This injury is manifested by 
chlorosis and browning of the leaves. Experimentally, 
very little plant material was found to be consumed by 
the larvae. The larvae do not confine their feeding to 
one plant.
* * s
Because water hyacinth is a pest plant that is 
generically isolated from other plants of commercial 
value and is fed on by Arzama densa Walker, a stem borer 
with aquatic adaptations, it should be possible to 
develop techniques for making use of this insect in the 
control of this serious pest.
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